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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] . • . j 

[Claim 1] It is the semiconductor device characterized by an interior angle with which it is the insulated-gatt 
mold semiconductor device which has gate oxide and a gate electrode layer all over U slot, and which both 
the side wall sides that these U slots have two or more side wall sides which consist only of a field which 
has Miller indices of a low degree, and are adjoined of these two or more side wall sides intersect being 120 
degrees or more. . j 

[Claim 2] It is the semiconductor device characterized by being the insulated-gate mold semiconductor 
device which has gate oxide and a gate electrode layer all over U slot, and a side wall side of these U slots 
consisting of only [1 00) sides and {1 1 0} sides. 

[Claim 3] Said U slot is a semiconductor device according to claim 2 which has a side wall side of eight 
sheets which consists of [100} sides and [110) sides which cross at an angle of 135 degrees mutually, and 
makes a channel field the surface of a ** {100} side and {110) sides. 

[Claim 4] It is the semiconductor device according to claim 2 characterized by for said insulated-gate mold 
semiconductor device being an insulated-gate mold semiconductor device formed in a silicon substrate of a 
field bearing {100} side, and a side wall side of said U slot consisting of only (100) sides and {110} sides which 
intersect perpendicularly with a ** {100) side. 

[Claim 5] Said insulated-gate mold semiconductor device is a semiconductor device according to claim 2 
characterized by having a plane pattern which becomes the surroundings of one 4 square-shape eel from an 
unit cell which has arranged four 8 square-shape eels densely. 

-[Claim 6] A semiconductor device according to claim 4 characterized by forming a source_ field of the Jst 
conductivity type, and the 1st 2nd conductivity-type base region of the lower part of this source field only ir 
the interior of said 8 square-shape eel, and not forming this source field in the interior of said 4 
square-shape cel. but forming the 2nd 2nd conductivity-type base region. 

[Claim 7] Said 2nd 2nd conductivity-type base region is a semiconductor device according to claim 6 
characterized by being high impurity density rather than impurity density equivalent to said 1st 2nd 
conductivity-type base region, or said 1st 2nd conductivity-type base region. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the structure of insulated-gate 
mold semiconductor devices, such as a semiconductor device for power, especially vertical mold power 
metal-oxide semiconductor field effect transistor. 
[0002] 

[Description of the Prior Art] Although, as for power metal-oxide semiconductor field effect transistor, it ha? 
the features, like ease [ a drive ] and switching speed are quick as compared with a bipolar transistor and is 
used widely, improvement in the engine performance, such as reduction-izing of on resistance and 
improvement in the speed of switching speed, is advanced further. When the structure of power metal-oxide 
semiconductor field effect transistor is classified from a viewpoint of a current path, there are a vertical 
mold with which drain current flows perpendicularly to the element surface, and a horizontal type which 
flows in the concurrency direction. In the power metal-oxide semiconductor field effect transistor of the 
former vertical mold, since it becomes the structure of preparing a drain electrode all over the base side of 
an element, drain current will flow over the whole chip and can make on resistance small. On the other hand, 
in the latter horizontal-type power metal-oxide semiconductor field effect transistor, since it becomes the 
structure of preparing a drain electrode in the surface side of an element, the field where drain current flows 
is as narrow as at most several micrometers, and when the same chip area compares both, the former can 
hardly make on resistance small. If it is a horizontal type in case of a vertical mold, parallel connection of the 
- - eel transistor which constitutes an unit cell-is carried out, and the order of tens of thousands t 100,000 _ 
numbers constitutes it from an actual element so that a high current can be treated. 
[0003] The power metal-oxide semiconductor field effect transistor called UMOS (U-grooved MOSFET) 
which embedded the polycrystalline silicon electrode 22 used as gate oxide 21 and a gate electrode at U 
Mizouchi as shows drawing 9 and drawing 10 also among vertical mold power metal-oxide semiconductor 
field effect transistor is excellent from the position of the formation of on resistance reduction. Drawing 10 
is the cross section seen from [ of drawing 9 ] B-B. It sets to drawing 10 and is n+. A substrate 31 is made 
into a drain field and it is n. - It is n about an epitaxial layer 32. - A drift region, this n - n+ formed in the 
interior of the p base region 33 of the upper part of a drift region 32 The field 41 is made into the source 
field. Moreover, as shown in drawing 10 , a trench (U slot) is dug from the surface, gate oxide 21 is formed in 
the surface, and the gate electrode 22 which consists of polish recon etc. so that the interior of U slot may 
be embedded is formed in the surface of gate oxide 21. Moreover, n+ The drain electrode 52 is formed all 
over the rear face of a substrate 31, and it is surface n+. It has the structure where the metal source 
electrode 51 was taken out through the predetermined contact hole from the source field 41. 
[0004] It is n+ in order to operate UMOS of drawing 9 and drawing 10 . What is necessary is just to impress 
positive voltage to the polish recon gate electrode 22 to the source field 41. Induction of the n form channel 
is carried out to the p base region (called p form body) 33 which adjoined gate oxide 21 by this, and it is n+. 
The source field 41 and n+ The drain field 31 connects too hastily and drain current flows, 
[0005] On resistance is raised as most important property of power metal-oxide semiconductor field effect 
transistor. (3) n+ which many methods of reducing this on resistance are proposed conventionally, for 
example, enlarges gate width per unit area by detailed-izing of (1) eel transistor, and the device of geometry 
and which lowers contact resistance of an electrode metal by (2) silicide-ization The reduction in resistance 
and n- of a substrate lamination, such as an epitaxial growth phase, — resistance here — they are methods, 
such as making it small. A plane pattern as shown in drawing 1 1 of SHIRIKONIKUSU (Siliconix) as UMOS 
which examined geometry of (1) especially is made into a hexagon, and the power metal-oxide 
semiconductor field effect transistor in which the trench was formed is known. It is the portion by which the 
portion by which black painting is carried out bv drawing 1 1 is formed in space, and the trench is formed 
perpendicularly. 

[0006] About detailed-izing of a eel pattern, channel width W per channel density, i.e.. an unit area, is 2 
67cm/mm by limit-size layout according to g line mask aligner the case of the stripe eel which can unify 
field bearing of U slot side wall side as shown in drawing 9 . It is a limit. Because, it becomes layout with a 
lower limit [ of 1 micrometer ], and a doubling precision of 0.3 micrometers in this case, and is n+. Since 
about 0.5 micrometers of width efface of the stripe of a field 41 are needed, the gap of two adjoining 
trenches shown in drawing 9 . i.e., the pitch of a trench, is because 3 micrometers becomes a limit. 
[0007] 

[Problem(s) to be Solved by the Invention] On the occasion of reduction-izing of on resistance mentioned 
above, reduction of channel resistance is the especially biggest technical problem in MOSFET of a low 
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pressure-proofing system. If channel resistance raises the channel density of MOSFET by detailed-izing and 

geometric examination which were mentioned above, until will improve effectively to some extent. In trench 

mold power metal-oxide semiconductor field effect transistor, such as UMOS. since the interior of a trench 

serves as a gate electrode, it is the point how the president of a university of channel width W which a 

trench has can be raised to the unit area of the FET field on a chip, and an FET eel can be formed. For 

example, since UMOSFET of SHIRIKONIKUSU shown in drawing 1 1 is a primitive cell with the trench of 

positive six square shapes, 12th [ a total of] page of the external surface of six six-sided prisms and six 

insides of six rectangular pipes which counter constitutes the channel side of MOSFET. However, in 

face-centered cubic lattices, such as silicon, the symmetric property of a crystal to the {1 10) sides of 

channel side bearing which is formed in a trench side wall side in the case of the trench of positive six 

square shapes are 2/6, and the channel side of a higt index will occupy the four sixths remaining. In order to 

accompany the trench side wall of a field with Miller indices high order as a problem on a manufacturing 

technology by the problem that surface roughness becomes large in addition to the mobility of the electron 

in a field with high order Miller indices being low, surface mobility is falling further. For this reason, in the 

case of 6 square-shape eel, the mobility of the electron of a channel field is very low, and they are 64cm2 / 

V-sec degree in perpendicular effective electric-field 1 MV/cm of silicon (Si), even when this value is about 

1/3 value compared with mobility of 200cm 2 / V-sec at the time of using a field with Miller indices of a low 

degree, such as a field (100) and a field (110). as a channel, and is low and channel density is the same. 

channel resistance will increase 3 times, furthermore — in order it is blunt as the elongation of the transfer 

admittance Ysf (1/Ron) to gate voltage shows drawing 1 2 , and to acquire desired forward current — gate 

voltage — 10 — it is [ V or more ] required and there was a problem that it was inapplicable as a device 

corresponding to logic with which a low-battery drive about gate voltage 4V is demanded. 

[0008] Furthermore, there is high pressure-proofing-ization as an important property of power metal-oxide 

semiconductor field effect transistor. Therefore, in UMOSFET, an improvement of current concentration in 

the trench corner section is an important technical problem. Since gate electric field became strong by the 

gate oxide of each angle (corner section) of a trench pattern although the equilateral triangle, the positive 

quadrangle, and the positive hexagon are conventionally known as the plane pattern configuration when 

forming a trench in an FET field in UMOS. Vth fell in the corner section which forms the polygon, and there 

was a problem that the bias of channel current occurred. Drawing 7 is the mimetic diagram showing current 

concentration of UMOS which has the trench eel of positive four square shapes (mesh type plane pattern). 

Although drawing 7 (b) is the enlarged view of the corner section shown by O mark of drawing 7 (a), when 

predetermined-gate voltage VG is impressed, it-turns-out -that concentration of gate electric field starts in _ _ . _ _ 

the corner section of the silicon used as the p base region 33 shown by O mark wrapped in the gate oxide 

21 of the lower part of the polish recon gate electrode 22. Vth falls, and current concentration occurs. 

[0009] In view of the trouble mentioned above, the mobility of this invention of the electron in the channel 

side constituted by U slot side wall of insulated-gate mold semiconductor devices, such as UMOS or IGBT 

with U slot, is high, and it aims at offering the new structure of the low semiconductor device for power of 

on resistance. 

[0010] Other purposes of this invention are offering the semiconductor device for power of the new 
structure which can control current concentration of the trench (U slot) corner section of insulated-gate 
semiconductor devices, such as UMOS. 
[0011] 

[Means for Solving the Problem] The 1st feature of a semiconductor device according to this invention in 
order to attain the above-mentioned purpose is insulated-gate mold semiconductor devices, such as UMOS 
which has gate oxide and a gate electrode layer all over U slot, and U slot is that an interior angle which 
both the side wall sides that it has two or more side wall sides which consist only of a field which has Miller 
indices of a low degree, and are adjoined of two or more of these side wall sides intersect is 120 degrees or 
more. A wafer maker supplies a field which has Miller indices of the low degree in here as a reference 
standard, it means {100) sides which are generally used with various semiconductor devices, (1 10) sides. 
{111} sides, etc., and a field which has high order Miller indices means (332) sides other than these, {41 1} 
sides. (91 1} sides, etc. Moreover, in 120 degrees or more, an interior angle which both side wall sides 
intersect means a case so that it may become the angle of an interior angle of a polygon of six or more 
square shapes of positive which does not contain in the case of 120 degrees (i.e.. a case of positive six 
square shapes). 

[0012] moreover — this invention — depending — a semiconductor device — the — two — the feature — 
a semiconductor — a substrate — the surface — forming — having had — U — a slot — inside — gate 
oxide — the gate — an electrode — a layer — having — the insulated gate — a mold — a semiconductor 
device — it is — U — a slot — a side wall — a field — an electron — mobility — being big — ( — 100 — ) 
— a field — and — { — 110 — } — a field — from — constituting — having — an electron — mobility — 
being small — being high order — Miller indices — having had — a field — containing — not having — 
things — it is . Thus,-izing of channel resistance, i.e., the on resistance, can be carried out [ **** ] by 
constituting U slot only from a large field of electron mobility. 

[0013] Preferably, U slot in which the gate is formed as shown in drawing 1 is having a side wall side of eight 
sheets which consists of {100) sides and {110) sides which cross at an angle of 135 degrees mutually, and 
making the surface of this {100} side and {110} sides into a channel field. The <100> directions which 
intersect perpendicularly with {100) sides, and the <1 10> directions which intersect perpendicularly with 
{1 10} sides were shown in drawing 1 . Drawing 8 shows relation of an angle (angle of a crossing interior angle] 
which two side wall sides where the trench corner section which forms U slot adjoins form, and the 
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maximum field strength of the corner section. Although an axis of ordinate of drawing 8 is standardized with 
plane section field strength, field strength is eased as a pattern of U slot serves as 3 square-shape ->4 
square-shape ->6 square shape, by carrying out to 120 degrees or more, i.e.. 135 degrees of eight square 
shape patterns, field strength of the corner section falls further, a fall of Vth in the corner section Is 
controlled, and current concentration of an insulated-gate mold semiconductor device is eased. In addition, 
by whether an angle is measured by side in which a gate insulator layer of U slot is formed in this case, or ar 
angle is measured by silicon side of U slot, although there is how to measure 135 degrees. 360 degree-135 
degree=225 degree, and two angles, as long as you are the interior angle of eight square shapes 
substantially, suppose that it will be called 135 degrees from now on by this invention. 
[0014] Preferably, an insulated-gate mold semiconductor device is an insulated-gate mold semiconductor 
device formed in a silicon substrate of a field bearing {100} side, and a side wall side of U slot is consisting oi 
only {100} sides and {1 10} sides which intersect perpendicularly with {100} sides on the surface of a 
substrate. 

[0015] Moreover, preferably, as shown in drawing 1 , an insulated-gate mold semiconductor device is having 
a plane pattern which becomes the surroundings of one 4 square-shape eel from an unit cell which has 
arranged four 8 square-shape eels densely. According to the desired operating current, hundreds of 
thousands of several 1000- repeats of this unit cell will be arranged in fact. 

[0016] It is that the 2nd 2nd conductivity-type base region 34 is formed without forming a source field of 
the 1st conductivity type, and the 1st 2nd conductivity-type base region 33 of the lower part of this source 
field 41 only in the interior of 8 square-shape eel still more preferably as shown in drawing 1 and drawing 2 , 
and forming a source field in the interior of 4 square-shape cel. When a source field is not more preferably 
formed in 4 square-shape eel, it is that the 2nd 2nd electric conduction base region 37 of high impurity 
density is further formed in 4 square-shape eel from impurity density equivalent to the 1st 2nd 
conductivity-type base region 33 where the U slot side wall serves as a channel field, or the 1st 2nd 
conductivity-type base region 33 as shown in drawing 4 . By making it such a configuration, electric-field 
concentration at the trench pars basilaris ossis occipitalis is eased, and high pressure-proofing-ization of 
insulated-gate mold semiconductor devices, such as UMOS, is attained. Although the 1st conductivity type 
means n mold and the 2nd conductivity type means a different p mold from the 1 st conductivity type here, 
of course, p and n may completely be made into reverse. 
[0017] 

[A gestalt of the actual condition of invention] Hereafter, a gestalt of operation of this invention is explained 
- - - with reference to a drawing. Drawing 1 is the plan of UMOS concerning a gestalt of operation of the- 1st_of 
this invention, and drawing 2 is the cross section of the direction of A-A of drawing 1 . UMOS which starts a 
gestalt of operation of the 1st of this invention as shown in drawing 1 has a compound polygon eel pattern 
with which one side combined 2-micrometer 8 square-shape eel and a square eel surrounded by this 8 
square-shape cel. The vertical side is {100} sides at space of a square eel, therefore trench side wall sides 
of 8 square-shape eel which countered a square eel are {100} sides. A trench side wall which does not 
counter a square eel of 8 square-shape eel, i.e., a field where adjoining 8 square shapes counter, is {1 10} 
sides. Although drawing 1 shows a pattern with which four 8 square-shape eels have been arranged around 
one square eel, this is an unit cell pattern and a majority of these unit cell patterns will be repeated 
according to a current value of requests, such as tens of thousands of - hundreds of thousands of pieces, 
in practice. Therefore, if its attention is paid to one 8 square-shape eel, four square eels and four 8 
square-shape eels will be arranged around one 8 square-shape cel. channel density of a pattern of drawing 1 
, i.e., channel width W per unit area, — 81cm/mm2 a stripe eel which it became and was shown in drawing 9 
— 67cm/mm2 it is — channel density is improving as compared with a thing. In addition, 45 degrees of plane 
patterns of drawing 1 are rotated, and it is good also considering a side wall side of U slot of a square eel as 
{110} sides. 

[0018] Drawing 2 is the cross section of UMOS concerning a gestalt of operation of the 1st of this invention 
seen from [ of drawing 1 ] A-A, and also shows a metal electrode 51 and 52 grades which are omitted by 
drawing 1 . It sets to drawing 2 and is n+. n+ which a substrate 31 was made into a drain field and the n 
epitaxial growth phase 32 with a thickness of 5-30 micrometers was formed on it, and became n drift region 
and was formed in the interior of the p base region 33 on it A field 41 is made into a source field. What is 
necessary is just to determine thickness of n epitaxial growth phase according to desired on resistance and 
switching speed. Moreover, U slot with a depth [ of 3 micrometers ] and a width of face of 0.6-0.8 
micrometers is formed from the surface, gate oxide 21 with a thickness of 50--100nm is formed in the 
surface, and the gate electrode 22 which consists of polish recon etc. so that the interior of U slot may be 
embedded is formed, moreover, n+ the drain electrode 52 forms all over a rear face of a substrate 31 — 
having — Si02 of the surface etc. — a contact hole formed in an insulator layer 29 — minding — n+ It has 
structure where the metal source electrode 51 was taken out from the source field 41. Although illustration 
is omitted, in a layout of the whole chip with which many unit cell patterns as shown in drawing 1 were 
repeated, extended formation of the trench for gate electrode ejection is further carried out toward a 
periphery from U slot of outermost 8 square-shape eel among 8 square-shape eels which constitute an unit 
cell arranged at a layout periphery, and it is led to the gate bonding pad section through polish recon wiring 
inside this trench for gate electrode drawing, in addition — a case where gate resistance of the polish recon 
gate electrode 22 poses a problem — refractory metals [ doped polysilicon / (DOPOS) ], such as W, Mo, and 
Ti, or WSi2, MoSi2. and TiSi2 etc. — silicide [ like ] is more desirable. Or bipolar membrane of DOPOS and 
silicide, i.e., a polycide, is sufficient. In addition, although illustration of a periphery of a pellet is omitted, a 
pellet periphery should just use well-known cementation termination technology. For example, it is n+ to the 
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pellet circumference. Diffusion layers, such as a guard ring, may be formed, metal patterns, such as a field 
plate (equipotential plate), may be formed on it, and beveled structure may be used. 

[0019] Actuation of UMOS concerning a gestalt of operation of the 1st of this invention shown in drawing 1 
and drawing 2 is the almost same actuation as the usual UMOS. Therefore, surface level of an interface of 
impurity density of the p base region 33, thickness, and the p base region 33 and U slot can constitute 
either an enhancement type or a depletion type. If an enhancement type explains, by impressing 
electropositive potential to the embedding gate electrode 22, n channels will be formed near the surface 
which consists of {100} sides of U slot formed so that p base layer 33 might be penetrated, and {1 10} sides, 
and the turn-on of the UMOS of this invention will be carried out. That is. an electron beyond potential 
barrier in n channels is poured into the n drift region 32. An electron poured in by high electric field in the n 
drift region 32 carries out drift transit, and is n+. It arrives at the drain field 31. What is necessary is just to 
make the p base region 33 sufficiently thin for high frequency operation. n+ UMOS shown in drawing 1 and 
drawing 2 when field strength from the drain field 31 came to have controlled height of potential barrier in n 
channels of the surface of the p base region 33 becomes actuation of a static induction transistor (SIT), and 
is ID-VD. A property changes from a saturation mold to a partial saturation mold. 

[0020] According to the gestalt of operation of the 1st of this invention, average mobility of a channel in 
effective electric-field 1 MV/cm on the surface of Si serves as 200cm2 / V-sec. Moreover, as a transfer 
admittance Yfs property is also shown in drawing 3 , it improves. Drawing 3 is standardized so that transfer 
admittance of each UMOS to compare may become the same VG =10V. Therefore, if improvement in 
channel density mentioned above is taken into consideration, the transfer admittance Yfs per same chip area 
will become larger than U-MOSFET of a field (100). Moreover, since an angle of a corner section interior 
angle of 8 square-shape eel becomes 135 degrees, electric-field concentration in the corner section is lost, 
therefore a fall and current concentration of Vth are lost. 

[0021] Manufacture **** of UMOS concerning a gestalt of operation of the 1st of this invention is good at 
the following manufacturing processes. 

[0022] (a) It is n+ of impurity density n=2x1018-1x1019cm-3 first, n layer 32 of impurity density 
n=5x1012-5x1015cm-3 is grown epitaxially in thickness of five to 30 micrometer on a substrate 31 (in a 
fixed case), instead of [ of n layer 32 ] — p- of p=5x1 01 2-1 01 5cm-3 A layer is sufficient. In the case of Si. 
this continuation epitaxial growth is SiCI4, SiHCI3, and SiH2 CI2. What is necessary is just to use vapor 
phase epitaxial growth by hydrogen etc. SiH4 A pyrolysis reaction may be used. Next, selective diffusion of 
the p base regions 33 and 34 of impurity density 2x1 01 6-1 x1 01 8cm-3 is carried out in a diffusion depth of 
- - 2-3 micrometers using -the technique of a photolithography. Selective diffusion uses-a photoresist or an 
oxide film (Si02 film) as a mask, and is 1 1 B+. An ion implantation may be performed by acceleration voltage 
Vac=50keV - lOOkeV and dose phi=5x1012-2x1014cm-2. and spreading diffusion and diffusion from a 
gaseous phase may be used. In addition, although selective diffusion may be carried out after forming a thick 
insulator layer in the epitaxial layer surface around a device field (active region) on which formation of eight 
square shape patterns etc. is planned as field oxide, and forming an oxide film thinner than field oxide etc. 
only in a device field as long as there is necessity, a formation production process of field oxide can also be 
omitted depending on the case. Field oxide of formation **** is good by well-known methods, such as the 
LOCOS method. Anyway, a 100-350nm oxide film is formed in the surface after the p base region 33 and 34 
formation. 

[0023] (b) With the usual photolithography technology in which a photoresist was used next, carry out 
etching removal of the predetermined portion of an oxide film, form an aperture which consists of a pattern 
based on a complex pattern which consists of eight square shapes and four square shapes as shown in 
drawing 1 into an oxide film, and remove this photoresist after oxide-film etching. Next, as a mask, trench 
etching of this oxide film is carried out at a depth of 3 micrometers, for example until it penetrates the p 
base region 33 for the epitaxial growth phase 32. Trench etching (U slot etching) should just use dry etching 
such as reactive ion etching (RIE). That is, it is CF4 about the n epitaxial growth phase 32. H2 Using mixed 
gas. it adjusts to an etching pressure of 1.3Pa, and is 13.56MHz high-frequency power 0.22 W/cm2 What is 
necessary is just to perform RIE in addition. SF6 and 02 Mixed gas or CCI4, SiCI4. and PCI3 etc. — RIE may 
be performed. [ or ] When an aspect ratio is large U slot, it is also effective to cool and etch a substrate into 
-50 degrees G — 150 degrees C. 

[0024] (c) Next, sacrifice oxidation and after removing a wet dirty or according to U slot etching by vapor 
etching processing damage layer, as shown in drawing 2 , form 30nm - lOOnm gate oxide 21 in U slot 
surface, then — for example, doped polysilicon (it is called Following DOPOS) containing phosphorus (P) — 
reduced pressure CVD (LPCVD) — if it deposits by law etc. and U slot is filled completely, flattening of the 
surface is carried out with etchback etc., the embedding gate electrode 22 is formed and there is necessity, 
that surface will be oxidized further. The so-called chemical mechanical polishing (referred to as CMP after 
Chemical Mechnanical Polishsing; ) may be used for flattening. Although the n mold DOPOS may be used, 
the p mold DOPOS is better for raising an enhancement property, as mentioned above, in order to lower 
gate resistance — refractory metals, such as W, Mo, and Ti, or WSi2, MoSi2, and TiSi2 etc. — silicide or the 
polycide using the p mold DOPOS is [ like ] more desirable. Although a refractory metal can be deposited 
also in vacuum evaporationo and a spatter, the selection CVD (plug) by CVD method, especially reduced 
pressure CVD method (LPCVD law) is desirable, the time of flattening — the surface of the n epitaxial layer 
33 — **** — you may make it a scaling film remain thinly 

[0025] (d) SURAITO dirty [ of this scaling film ] is carried out. and the n epitaxial growth phase 33 is 
exposed — making — a photolithography — using — for example, a photoresist — a mask — carrying out 
— 75As(es)+ and 31 P+ etc. — an ion implantation is carried out to a location which should be made a 
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source field. It is 1 1 B+, using a photoresist etc. as a mask similarly. An ion implantation is alternatively 
carried out by dose phi=3xl01 5-2x1 01 6cm-2, and it is p+. The contact field 35 is formed. It anneals about 
15 to 30 minutes at 800-1000 degrees C after that, and an ion-implantation layer is activated. 
[0026] (e) a degree ~ ordinary pressure CVD (APCVD) or LPCVD ~ law etc. ~ Si02 A film or Si02 
Bipolar membrane of a film and a PSG film, or Si02 The bipolar membrane 29 (such Si02 films and bipolar 
membrane are named generically below, and it is Si02 it is called a film 29) of a film and a BPSG film is 
formed in the surface of the n epitaxial growth phase 32 at thickness of 300-500nm. 

[0027] (f) Next, it is the above Si02 by photolithography technology. A predetermined portion 33, i.e., p base 
region, and predetermined n+ of a film 29 An intersection and p+ with the source field 41 A contact hole is 
punctured in the contact field upper part, a contact hole opening — C3F8 Or CHF3 etc. — RIE and ECR 
(Electron Cyclotron Resonance) ion which were used — what is necessary is just to carry out therefore 
dirtily 

[0028] (g) Deposit on a degree at a contact hole aperture, and deposit metals, such as aluminum, 
aluminum-Si, aluminum-Cu-Si, aluminum/Ti, and aluminum/Mo, on the whole surface with vacuum 
evaporationo. a spatter, a CVD method, etc. at thickness of 0.5-4 micrometers. If a photolithography, RIE, 
etc. perform pattern formation of a metal electrode after that and metals, such as W, aluminum/Mo, or 
aluminum-Si, are further deposited on a rear face similarly As shown in drawing 2 , the metal drain electrode 
52 and the metal source electrode 51 are formed, and a semiconductor device concerning a gestalt of 
operation of the 1 st of this invention is completed. 

[0029] Drawing 4 is the plan of UMOS concerning the 2nd operation gestalt of this invention. It is p+ deeper 
than the p base region 33 of 8 square-shape eel although it is the same as that of a gestalt of the 1st 
operation of this invention inside a square eel in a gestalt of operation of the 2nd of this invention that it is 
the combination which consists of a 8 square-shape eel and a square cel. Base regions 37 and 38 are 
formed. In addition, p+ A field 38 is p+ in a case of embedding, although explanation of a manufacture method 
is described later, and being based on epitaxy. An embedding field is expressed and it is p+ substantially. You 
may consider a base region 37 and a field of one. It sets to drawing 4 and is p+ of impurity density 
2x1018-1x1020cm-3 in the center-section upper part of the p base region 33, The contact field 36 is 
formed and ohmic contact of the source metal electrode 51 to the p base region 33 is made better 
(however, p+ the contact field 36 may be omitted). p+ Although impurity density of base regions 37 and 38 
may be comparable as the p base region 33, it forms about [ 1x1018 to 6x1 01 9cm - ] in three rather than 
the p base region 33 preferably at high impurity density. In a gestalt of operation of the 2nd of this invention, 
~the"p+ base regions-37 and 38-are-deeper than the p base region 33, for example,-it is p+ to a depth-of 2- — _ 
micrometers of p base region. Base regions 37 and 38 are formed in a depth of 2.5-3 micrometers. 
[0030] According to the gestalt of operation of the 2nd of this invention, concentration of the drain / source 
electric field in a trench pars basilaris ossis occipitalis is suppressed, and high pressure-proofing-ization is 
attained. 

[0031] What is necessary is just to make UMOS concerning a gestalt of operation of the 2nd of this 
invention into the following manufacturing processes. 

[0032] (a) First carry out 5-30micrometer epitaxial growth of n layer 32 of impurity density 
n=5x101 2-1 x1015cm-3 on the n substrate 31 of impurity density n=2x1018-1x1019cm-3. This continuation 
epitaxial growth is Si two H6. SiH4 A pyrolysis or SiCI4, SiHCI3, and SiH2 CI2 What is necessary is just to 
use vapor phase epitaxial growth by reaction with hydrogen. Next, the technique of a photolithography is 
used and it is 1 1B+ alternatively only into 4 square-shape eel portion. An ion implantation is carried out. For 
example, what is necessary is just to carry out an ion implantation by acceleration voltage Vac=200keV - 
1.5MeV and dose phi=1x1015-2x1016cm-3. 11B+ in Vac=1.5MeV Projection range RP It is set to about 2.4 
micrometers. It is 1 1B+ near projection range RP =1.5 micrometer at a Vac=750keV degree preferably. What 
is necessary is to carry out an ion implantation and just to carry out heat treatment at 1 150 degrees C after 
that for 3 hours. 

[0033] (b) Next use a photolithography again and carry out selective diffusion of the p base region 33 of 
impurity density 2x1016-1x1018cm-3 to a portion of 8 square-shape eel in a diffusion depth of 2-3 
micrometers. At this time, it may be spread also in 4 square-shape eel section at coincidence. Selective 
diffusion is 11 B+. An ion implantation may be performed by acceleration voltage Vac=50keV - lOOkeV and 
dose phi=5x1012-2x1014em-2, and spreading diffusion and diffusion from a gaseous phase may be used. In 
addition, if there is necessity, after forming 0.6-1 .5-mierometer field oxide in the surrounding epitaxial layer 
surface of a device field where formation of eight square shape patterns etc. is planned, an oxide film used 
as a mask of selective diffusion thinner than field oxide may be formed only in a device field. For example, it 
should just carry out selective diffusion, using a 300-400nm oxide film as a mask. If annealing after an ion 
implantation is performed by oxidizing atmosphere, a 100'-350nm oxide film will be formed in the surface of 
the epitaxial growth phase 32 in which the p base region 33 and the p base region 37 were formed. 
[0034] (c) With the usual photolithography technology in which a photoresist was used next, form an 
aperture on the basis of a complex pattern which consists of eight square shapes and four square shapes as 
carried out etching removal of the predetermined portion of the above-mentioned 100-350nm oxide film and 
shown in drawing 1 into this oxide film, and then remove this photoresist. Furthermore, U slot etching is 
carried out in a depth of 3 micrometers until it penetrates [ an oxide film ] the p base region 33 for the 
epitaxial growth phase 32 as a mask, etching — for example, CF4 H2 Mixed gas and SF6 02 Mixed gas, CC14 
SiCI4, and PCI3 etc. — what is necessary is Just to perform RIE When an aspect ratio is large U slot, it is 
also effective to cool and etch a substrate into -50 degrees C — 150 degrees C. 

[0035] (d) Next, sacrifice oxidation and after removing a wet dirty or according to U slot etching by vapor 
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etching processing damage layer, as shown in drawing 4 , form 30nm - lOOnm gate oxide 21 in U slot 
surface, then — for example, DOPOS containing phosphorus (P) — reduced pressure CVD (LPCVD) — it 
deposits by law etc.. U slot is filled completely, flattening of the surface is carried out with etchback etc., 
and the embedding gate electrode 22 is formed If there is necessity, the surface will be oxidized further. 
Flattening may use the so-called CMP. Although the n mold DOPOS may be used, the p mold DOPOS is 
better for raising an enhancement property, moreover — in order to lower gate resistance — refractory 
metals, such as W. Mo, and Ti, or WSi2. MoSi2, TiSi2, CoSi2, and PtSi2 etc. ~ silicide [ like ] and the 
polycide are more desirable. Although a refractory metal can be deposited also in vacuum evaporation© and a 
spatter, the selection CVD (plug) by CVD method, especially reduced pressure CVD method (LPCVD law) is 
desirable, the time of flattening — the surface of the n epitaxial layer 33 — **** — it is desirable to make 
it a scaling film remain thinly. 

[0036] (e) SURAITO dirty [ of this scaling film ] is carried out, and the n epitaxial growth phase 33 is 
exposed — making — a photolithography — using — as for example, a photoresist mask — 75As+ and 
31P+ etc. — an ion implantation is carried out to a location which should be made a source field. It is 1 1B+. 
using a photoresist etc. as a mask similarly. An ion implantation is alternatively carried out by dose 
phi=3x1015-2x1016cm-2, and it is p+. The contact field 36 is formed. It anneals about 15 to 30 minutes at 
800-1000 degrees C after that, and an ion-implantation layer is activated. 

[0037] (f) Next, it is Si02 by ordinary pressure or reduced pressure CVD method. A film 29 is formed in the 
surface of the n epitaxial growth phase 32 at thickness of 300-500nm. 

[0038] (g) Next, it is the above Si02 by photolithography technology. A predetermined portion 33, i.e., p base 
region, and predetermined n+ of a film 29 An intersection and p+ with the source field 41 A contact hole is 
punctured in the upper part of a base region 37. a contact hole opening — C three F8 Or CHF3 etc. — RIE 
and ECR ion which were used — what is necessary is just to carry out therefore dirtily 
[0039] (h) If it deposits on a degree at a contact hole aperture, and metals, such as aluminum. aluminum-Si, 
aluminum/Ti, and aluminum/Mo, are deposited on the whole surface with vacuum evaporationo, a spatter, a 
CVD method, etc. at thickness of 0.5-4 micrometers, a photolithography, RIE, etc. perform pattern formation 
of a metal electrode after that and a metal is further deposited on a rear face similarly, as shown in drawing 
4 , the metal drain electrode 52 and the metal source electrode 51 will be formed, and a semiconductor 
device of this invention will be completed. 

[0040] In addition, it sets to the above explanation and is deep p+. It is p+ although a case where a base 
region 37 was formed by high energy ion injection of Vac=200keV-1.5MeV was explained. It is p+, when a 
base region 37 is still deeper. or when a damage accompanying-high energy-ion -injection poses a problem. -It 
is good also by embedding epitaxy of a field. Namely, p+ which became a convex configuration as n epitaxial 
growth was once stopped on the way and it was shown in drawing 4 It is about [ 1x1018 to 1x1 01 9cm - ] 
three p+ to a portion of a pars basilaris ossis occipitalis of a base region 37. What is necessary is to form the 
embedding field 38 and just to perform n epitaxial growth continuously further. And p+ after completing the n 
epitaxial growth phase 32 An ion implantation etc. is used from the upper part of the n epitaxial growth 
phase 32 of a location applicable to the embedding field 38, and it is p+. It is spread and is this p+. A diffusior 
layer 37 and p+ You may make it connect the embedding field 38. 

[0041] Drawing 5 is the plan of UMOS concerning a gestalt of operation of the 3rd of this invention, eight — 
a square shape — a eel — a square — a eel — becoming — combination — it is — things — this invention 

— the — one — and — the — two — operation — a gestalt — being the same — although — this 
invention — the — three — operation — a gestalt — setting — a trench — the section — making — eight 

— square shapes — the side — constituting — { — 1 00 — } — a field — { — 1 1 0 — } — a field — large — 
carrying out — **** — a point — differing . By making large area of bigger (100) sides than that of mobility, 
mobility of an electron (it is synthetic) as the whole becomes large, and on resistance is compared with a 
gestalt of the 1st and operation of the 2nd of this invention, and serves as a still smaller value. Since a 
manufacture method of UMOS concerning a gestalt of operation of the 3rd of this invention is the same as 
that of a case of a gestalt of the 1st and the 2nd operation, explanation is omitted here. 

[0042] This invention is applicable not only to MOSFET but other semiconductor devices. Drawing 6 shows a 
cross section of IGBT of a vertical mold concerning a gestalt of operation of the 4th of this invention. It 
sets to drawing 6 and is n+ to p+ collector field 61. A buffer layer 62 is formed and it is n with a thickness 
of low impurity density ] of 30-150 micrometers on it further. - A base region 63 is formed and they are the 
p base region 33 and p+ to the upper part. A base region 37 is formed, n- U slot with a width of face [ of 
0.6-0.8 micrometers ] and a depth of 3 micrometers is formed from the surface of a base region 63, and 
about 50-1 OOnm thin gate oxide 21 is formed in a pars basilaris ossis occipitalis and the side wall section. 
The embedding gate electrode 22 which consists of polish recon etc. is formed in the surface of this thin 
gate oxide 21. In the surface of the p base region 33. it is n+. An emitter region 64 is formed and they are 
the p base region 33 and n+. The metal emitter electrode 71 is formed so that an emitter region 64 may be 
short-circuited. Moreover, in the surface of the p base region 33, it is p+. The contact field 36 is formed, in 
addition, a portion corresponding to a quadrangle eel in a center section of drawing 6 — it is — deep p+ 
although a base region 37 is formed — a gestalt of operation of the 1st of this invention — the same — the 
depth of p base region of 8 square-shape eel and 4 square-shape eel — being the same . Whether p base 
region of 4 square-shape eel is made deep is that what is necessary is just to determine in consideration of 
pressure-proofing and a manufacturing cost of IGBT. Moreover, p+ A metal collector electrode is prepared 
in the surface of the collector field 61. 

[0043] Next, actuation of IGBT concerning a gestalt of operation of the 4th of this invention is explained. 
The metal emitter electrode 71 is grounded and a turn-on of IGBT is realized by impressing positive voltage 
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to the polish recon gate electrode 22 to the metal emitter electrode 71, where positive voltage is impressed 
to the metal collector electrode 72. When positive voltage is impressed to the polish recon gate electrode 
22, a reversal channel is formed in the surface of {100} sides of U slot side wall of p mold base region 33, an< 
{1 10} sides like MOSFET, and it is n+. It lets a reversal channel pass from an emitter region 64, and is n. - Ar 
electron pours in into a base region 63. On the other hand, p+ The collector field 61 to n+ Impregnation of a 
hole takes place into a base region 63 through a buffer layer 62, and it is p+. The collector field 61 and n - 
Pn junction of a base region 63 will be in a forward bias condition, and is n. - A base region 63 leads 
conductivity modulation to a lifting, and leads an element to switch-on. n which is high resistance as 
mentioned above in an ON state of IGBT " Since a base region 63 produces conductivity modulation, the 
resistance component becomes very small. Therefore, n - Even if impurity density of a base region 63 is low 
and is a high resisting pressure element with thick thickness, the very small property of on resistance is 
acquired. On the other hand, a turn-off of IGBT is realized by impressing negative voltage to the polish 
recon gate electrode 22 to the emitter electrode 71. A reversal channel formed in [100) sides of U slot and 
{1 10) sides when negative voltage was impressed to the polish recon gate electrode 22 disappears, and is n+. 
An inflow of an electron from an emitter region 64 stops. However, n - In a base region 63, an electron still 
exists, n- Most holes accumulated into a base region 63 pass along the p base region 33, and it is n+. A part 
is n although it flows into an emitter region 64. - It recombines with an electron which exists in a base 
region 63, and disappears, n- When all of a hole and an electron which were accumulated into a base region 
63 disappear, an element will be in an inhibition condition and a turn-off of IGBT will complete it. 
[0044] At drawing 6 , it is n+. Although IGBT in which a buffer layer 62 was formed is shown, it is n+ when 
high pressure-proofing is unnecessary. A buffer layer 62 may omit. Moreover, of course, it is applicable to 
other insulated-gate mold semiconductor devices, such as other IGBT(s), such as the collector short mold 
IGBT and the shot key drain contact IGBT, and EST other than IGBT (Emitter Switched Thristor), MOT 
(MOS Controlled Thyristor). 

[0045] In addition, although a gestalt of each above operation explained n channel mold semiconductor 
devices, such as the n channel mold UMOS and the n channel mold IGBT, a conductivity type is made into 
reverse and, of course, it is good also as a p channel mold. Moreover, although a gestalt of each operation of 
above-mentioned this invention attached and explained to UMOS and IGBT Insulated-gate mold 
semiconductor devices other than this, for example, BRT, (Base Resistance Controlled Thyristor) MAGT 
(MOS Assisted GateTriggerde Thyristor), DMT (Depletion Mode-Thyristor), Of course, SI thyristor (SITH) 
can also be applied to MCSITH (Mos Controlled SITH) which carried out the MOS drive or other MOS 
~ ' - - thyristors, MOSGTG, etcr For example, although MAGT is an MOS compound semiconductor device with two 
control terminals, the base for a current drive, and the MOS gate, as indicated by the 277th page in 1990 of 
a proceeding OBUZA insertion sequence PS day (Proc. ISPSD) etc. at details, it will be understood easily 
that this invention is applicable. Moreover, if it can apply to various kinds of semiconductor devices using a 
semiconductor substrate which does not need to limit to Si device, in addition has a cubic form and a power 
MOS device is constituted from alpha-SiC, also especially in an elevated temperature 600 degrees C or 
more, a power device of a large area and a high current which can operate will be realized. Moreover, Si02 
formed in a semiconductor device of insulated-gate structure and the surface of InP by GaAs-GaAIAs 
heterojunction Of course, it is also applicable to other insulated-gate mold semiconductor devices, such as 
an MOS semiconductor device by film. 
[0046] 

[Effect of the Invention] According to this invention, since mobility of the electron in the channel in the 
trench (U slot) of insulated-gate mold semiconductor devices, such as UMOS, can be enlarged, on 
resistance is reduction-ized and the high-speed switching of a flow loss is attained small. 
[0047] Since the angle of the interior angle of the trench corner section is still as larger as 135 degrees 
according to this invention, electric-field concentration in the corner section is controlled, and it is hard 
coming to generate current concentration, therefore a raise in pressure-proofing of insulated-gate mold 
semiconductor devices, such as power metal-oxide semiconductor field effect transistor, and high 
current-ization become easy. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the plan of UMOS concerning the gestalt of operation of the 1 st of this invention. 
[Drawing 2] It is the cross section of UMOS concerning the gestalt of operation of the 1st of this invention. 
[Drawing 3] It is drawing showing the forward characteristic of UMOS concerning the gestalt of operation of 
the 1st of this invention, 

[Drawing 41 It is the cross section of UMOS concerning the gestalt of operation of the 2nd of this invention. 

'Drawing 5] It is the plan of UMOS concerning the gestalt of operation of the 3rd of this invention. 
Drawing 61 It is the cross section of IGBT concerning the gestalt of operation of the 4th of this invention. 
Drawing 7] It is drawing explaining current concentration of the trench corner section. 

Drawing 81 It is drawing showing the relation between the angle of a trench corner, and the field strength of 
this corner section. • 

[Drawing 91 It is the plan of the conventional stripe eel mold UMOS. 

[Drawing 10] It is the cross section of the conventional stripe eel mold UMOS shown in drawing 9 . 
[Drawing 1 1] It is the plan of the conventional 6 square-shape cel. 

[Drawing 12] It is drawing showing the relation between the gate voltage of the conventional UMOS, and 
transfer admittance. 
[Description of Notations] 
21 Gate Oxide 

- 22 Polish Recon Gate-Electrode - - --- 
29 Field Oxide 

31 N+ Substrate (N+ Drain Field) 

32 N Epitaxial Growth Phase (N Drift Region) 

33 P Base Region 

34 P Field 

35 36 p+ Contact field 

37 P+ Field 

38 P+ Embedding Field 
41 N+ Source Field 

51 Source Metal Electrode 

52 Drain Metal Electrode 

61 P+ Substrate (P+ Collector Field) 

62 N Buffer Layer 

63 N - Base Region 

64 N+ Emitter Region 

71 Emitter Metal Electrode 

72 Collector Metal Electrode 
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CCD { 1 0 0) EfciO' {110} ffi(DRli*^l'>^^ 

jvm^f^^ctX'^^o mi ccti {10 0} lEiiEJc 
r6<l 0 0>y5\^. {110} tB<hitS^t'5< 1 1 0 

^a^SJj'E)7j?^CC<:fcJ3. 135" i360" -135" = 

2 2 5" <b 2o<^ftjg<Dfiijo:&*5a6-55&^. mnmcsn 
[ 0 0 1 4 ] ftf ^ u < mm'f-h m^mit^mi^m 

{ i 0 0) ffiC05^Un>StS^a^^$tl'S>Jfeilt'ir'- 
{10 0} EiB^-r^ {1 00} fflfcJ:^' {110} 

[0015] ^/cjfT$ U < ti. SI (c^-r J: ^tCife^S^ 

- h M*2^ft3^S^i 1 ocD 4 :S ff^ -fe ;l/C7) ^ 0 Cc 4 ocD 

[0 0 16] 3e>«:*f^b<li, mi^J:^m2^Cmt 
fcJ:O'CC0V-;^^Il|S4 i<7:)Tg[5cD^icDm2^mM--^ 

- :^ mm 3 3 § 4 ft jfj -fe jk^j^sbcc^^ v - x 

V - X MiSJ^J^JfJlS $ nr I > ^cC t ^ :fd I i -c. ia 4 
Tj^-r J: ^ ? 6 tc 4 ftJf^-bJKC«^cDU?«ffl«;^^^ i- > 

^^;u$Mi?gi^j:'2>ai 1 omzmm^^- :^mm3 3 iiii^ 

o:?;*iBi|aSg^> U < ('i^ 1 2 2SmM-<--:^«l*^3 3 
<l:«3]S:^^*St)ffiffiO||2c3!:)m2^m^-XMtli3 7 7&5jf$ 

J:0. h U>^JSg{5T'CD1i^«*3:^^)!if034i, UMOS 

^ii^itimi^m3Si^?:c^p5y^jtJ*"r^^\ pi 

[00 17] 

m(DBmimMri>. m i u^mmm i (om^m^m 

tC<^-5>UM0SCD¥SB^T'. 0 2 «H 1 OA - A:^f^© 
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rrSia-C*S, 0 1 CCTT^-Tcte^^c^l^njom 1 O^JSCD 
ff^mf^'SUMOSli— iZI;^^. /c<h^{'i2 jLtmCD8ftff$ 
i C CD 8 ft JfJ^ >'UCcE Sn/ciE:^JfJ'fe;l/ i 

;ucD*«ccgB::^i^cDiPJ]ffi^i {10 0} fflr-^o . l/c 
^^"oriE^fl5-fe;uciti6ji./c8ftff$-fe;ucD h u>^PJ|g 
Wit {10 0} Er*-5o 8nB-^)i^<0iE1jK^-^McM 

Mi^r^m^t {110} s-cA^„ la i xu-"r>(Djtyj 

10 -fe ;KDJgiaCC 4 OCD 8 ft ffJ-fe nrc>'^* ^ - > 

fiffMcDIISfefflCCC&O-C^^^Oii^n^Cii^c 

Lz/cT^i-o-c. loosftsj^^Hc^g-rntf. lo 

CDS ft^f^-fe^bcDjlffl^C 4 OCDIE:^??^^^ Jl/i 4 0(D 8 ftff$ 
-fe;U*^iBa2tirOi€>C<!:<i:>i^o S 1(D>'^*^^->CD5=• 
20 JS7:?5f6]±0-CC^-E), :^cC^\ ^lCD^ffi/^•t>->^4 5* 

ipi$53-ttr. jE:fjm'^j\^(ovm<Dmmmi ci i o} a 

tLXi>J:,\.\ 

" C 0 0 18 TmZUm i (OA - Ay^l^i)^ 6 ^fc:^Mm<D 

m^Lxi^^^mmmb 1 , 5 2^^4>^Lrc^'E>. m 

tcJl$5'-3 0 amCDnxf^^^'-t^jVJiKSlSS 2f}^B 

j&^nn vmMttx^. -e<D±cDp-<-xfSJai3 
3(Drtgi5ccjfj^$n/cn* mm4 i^y-:^mmtLx 
30 i^-So nxt'3«+v-i-;u^SficD;i^»BiTS<D:^>}gtS: 

:^/c^fflJ:0iiil^3 /im. ifiO. 6'-0. 8 um(OVm 
^BiSLL. -ecDiSfflCCj?^ 5 0 — 1 0 OnmCDy- hS! 

0:::i>mf)^htj:^^/-hmm2 2^mfS.OXi.^^o l^fc 

^fflcDs i o, ^<ommm2 9f,cmf&srifczi>^ 

^Vt^-Jl^-ftLXn* y-X$It^^4 13^^6#ISV--X 
^;UCD^^Sfei'fffliJCD8ft0'fe^^CDU«;^^>6y- hSS 

I— y'K;^'; V:3> (D 
OPOS) J:?) 4)W. Mo. T i Ji^cD<fcO?S]ffiSa.'^.^ 
50 Wft-St^^WS i I . Mo S i , . T i S i 2 J^i'cDct 
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[0 0 19] [31*>J:Cfll2tCnsL/c*:^?g(7:)||lcr>^ 
mf&^tifcVm<0 {10 0} ffifccfcC/ {110} 

n/cm^-^^ K V h^:tf b . n ^ F u >mm3 1 tcgij 

^■f / iSMI^StM'W^'/c* fc (3: p ^ $1^ 3 3 
^jij^vr(Om^^^imir^j:'?(tCfj:ti{tm i :}DJ:a'lsi 

2tCn^U/cUMOStifim^^h'7>S^X:$? (SIT) 

[0 020] ^mji(om 1 onifioffjsitcctnti, s i 

^DircDllxA*^^ 1 N4 V / c m CC 4o t:f ^ ^ > ;^ ;K©^ 
2 0 0 cm' /V • sec i:/^j:'i>o XGiiT 

3mbl5T'2)-&UMOSOeii7 ^>;^/j^Vo = 
1 0 V-CI5]— <J:Aj:^J:^tcJltS^bLri^^o Ltc^^-z^ 

^^:;::?TBS^0C7:>eitr F S ^>XYr.tS (10 0) 
fflCDU-MOS F ETctO:/^^ < ^j:'5o X. 8ft?fJ-fe;i/ 

^g|j-C(^)^^^cfr755;rd: < 0 . b o T V t h 0®T 

[0 02 1 ] ^mM(Dm 1 0*J5fe<Z)?^J^tC(S^UMO S 
««TO J: 5 :^j:KigXg"rSSi&'rn J: i<^o 
[0 02 2] (a) *T^jt^1?9S]gn - 2 X 1 0^'- 1 

X 1 0^' cm-^On* Ste3 10±tc:FJNii^iESn= 5 

XI 0**-5x 1 0*'cm-'©na32?r5-30/2m 
coJl^CCJ-b'^^i/^^l/lSST^ (-:mcDia^Cc{'i, n 
113 2CO>^>t)0tCp = 5 X 1 0"' - 1 0'^ cm-'<Dp- 
jir^>J:c^„ ) ctDili^xb'^^-v'i'Ji'/SS^il:. S i cD 
m^iitS i C 1 . . S i HC 1 3 . S i H, C 1 , iTK 
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.>:7yCD^iS^ffll^-c:Ti*«JK?Sj^2x l 0"-l xi o 
cm''(Dp^-:^mmS 3. 3 4^tm??52'-3 u 

fbM (s i o, m) i-^y^^tur^'B' <o-Y*>iiA 

^flnamiEV.. = 5 0 k e V--! 0 0 k e V. F-Xfi 

4>=5xl0'''-2xi 0'* cm-'-C^f-:>-C*>ctl^b. 

mf&vx-fy^f^MmL^i^x tj^^^-f)^. m^(rc^-^xuy 

■^o :7^-;uF^{tf®t3:LOCOSii^(DmDCD:^i4r 
j^^rn^cti^ i,i'm6cur*>p--i-x«iJa3 3. 3 

Ammk. -eoaffitctil 0 0--3 5 Onm<Dffit{tlli?: 
20 [0 02 3] (b) :;Xtc:7:t F US^^X h^«C^/c31^<D 

rxt:^ + 5^-t';l/^fiJi3 2^v^-:^WM3 3^mm 

-r^o FU>^x ^=f^>^ (U?»X'>^>y) 
{:^J5PEtt'Y:t>X':; ^>^' (R I E) ^CD F 5 -Y i ^ 

X';;^>yiE;^ 1 . 3 Patci^g^b 1 3. 5 6MHzCD 
^mmnt)^s mOiO. 22W/cm* JJO^TRIE 

^^IH^CC 1 , . S i C K , PC 1 3 ^XR 1 E^ 

^- 50"C-- 1 5 0"CCC?ftiPb-rx.:;^>i^T^C<i: 

[0 024] (c) ;XOC. ^m^fb^-i^X';. hX^;;^* 

40 '5>l,^lJ:^':^x •> ^> ^<^c ct U?J5x ^> ^'tc J: ^JJDX 
^V-i^@^^^L//d^3 0nni--l 0 0 n mCD^- F 

(Dik. /ci;l(i«S (P) *^^/cF-•7*F;i<y^^Vn> 
(t^TDOPOSiC>^») ^iJ^ECVD (LPCVD) 

rjfe^CCcfcOiiaL. U«4:^^6Cai5i). X';;^^>'uii>^ 

«:j:O^H*^±I{bba2s?>ii-5?fy-' F^S2 Z^^iS. 

?6^^(D*ii^asfbT^o w-mit 

CCt^C^btOJ-Sfb^fi^i^MW^ (Ch em i cal K4e 
chnanical Polishsing: tif^C 
50 MPiPf^) nMDOPOSrfcctl^ 
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CCtiW. Mo. T i m<DMWif^.^m. S/c(*WS i^ . 
Mo S i ^ . T i S i 2 ^JCi'cDJ: ^^tCi^^Jit-Y *^ 

pMDOPOs^fflt^/crt<';-y--r K<D:^5i?5M^ L 

CVDffi. m^WiKCVD'H (LPCVDiS) tCj:^S 

f ^ ^'Hl 3 3 tDaSCC till < ^ < affiiiaffi?!^^?^ 
-Set ^W:L/rfc<J:l>o 10 
[0 02 5] (d) CCDSffi^{tfli^;^'^-r hx^:;^ 
nXt:'^^$>'-t';U^Sil3 3^SW?i±. :7 h U 

r^'B* ^ F — XM<t>= 3 X 1 0^'^2 X 1 0** c m-' 

m-rSo ^cDf^S 0 0-1 0 0 CC-Cl 5-3 0^?i 
g T ^ -^H. r 5f > a A® * r£ t4{ b 3 -i± o 
[0 02 6] (e) ^^Cc;SlEC VD (APCVD) Xti 20 
LPCVDffi^CC<^59, S i O. fliXt^S i O, MiP 
SGflI<bco^t^li^-2)C4iS i O, HgiBPSGMi^T) 

|*L.'CSiO. Ii2 9 iC^^) ^n--Lt'a?-^Vi';VjS:^ 
113 2cD*dBCc3 0 0—5 0 0 n mOJl^ tcjf^/Si^'Sp 
[0 02 7 ] ( f ) JKJ^^^ :t h y V tJ?'-^-:? ■< ^f/^TtCj: 0 
±fBS i O, ag2 9CDBlf^cr)a5^>, ^3^j::b^ p 
1123 3 in^ V-;^m^4 1 icD^tffl^P^. %5X.XJ. v 

fcR lE-^ECR(Electron Cyclotr 
on Resonance) :t >x ^OCJ: oTtf ?^ 

[0 02 8] (g) :XtCrj>^^ h;f.-;Hia?LgPCC^ 

X^^y^. CVD-a^tCj;DA 1 . A 1 - S i. A 
1-Cu-Si. Al/Ti. Al/Mo^O#IS?: 
0, 5-4 /zmOil^^C^ffi^CiltaL, ^<Df^>' * h 'J 

;iS«:tf^j:C^ 3 6CCllffitC'^>|s]tStCW. Al/Mo. * 

-2>i*«A 1 -s imo^m^mmrnftt. mz^cTr^Ltc 40 
j:^6c^fs Ku^>mts5 2. ^mv-:^nmb \ m} 

[ 0 0 2 9 ] la 4 {t^mM(om 2 o^jmj^^c^ ^ u m 
mi'^)\^(Dp^mc{t 8 nm-^^i^o p -<--x«Mt^ 3 3 j: ^3 
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<b— {*(DMiS.t J;i>o 0 4 tctet^r « p -^-x^S 
J|83 3(0**a5±gpcc{i::7^m^?^g2 x i o^" - 1 x i 
□ '"cm -'Op^ r3>^^ H?Ii|l(3 67)5?fJi^$n. p-^ 
-X^gJ|S3 3('C>rt-r^V-X^|g®S5 10:i*-5 

:^mm37, 3 8©:?:i|«iB?2gSiip-^-;^?IfeS3 3i[il 
fiffiT:'4>ctC^3&3^ $f*L.<«l X 1 0'"-6 x 1 0"*c 
m-'iagCC. p-^--X^>53 3 J;D*>ig^S*W^ig<^Cfl5 
liET'So *^BJ(I)^2(D*j!tCO?^g§6C4oC^Ttip*-^--* 

;l«p^-;^Mfcd{0?^3 2 am^c^tb-c. p*-<-;^Si 
^3 7. 3 8(i2. 5 — 3 MmCD?S$tcff^J?KT'5o 

[0 03 1 ] -^■^mcomzommcommi'Ci^^^^Mo s 

[0 03 2] (a) $r:T;*i5^^gn = 2x 1 0»'- 1 
X 1 0^' cm-^CDnStS3 1 (D_bCc:^f4159^Sn = 5 x 
1 0^'- I X 1 O^' c m-'OnB3 2^5 — 3 0 umx 

{t. si^ Hs -^s i H. om.^m. XtiS i C 1 4 . 

S i HC 1 3 . S i H, C I , t7kmt<DRm(fCjf:^m, 
t|xt:-^ + v'i';l'^:g^ffil^nt-^J:c^o '-X^cy:t h 'J V 
^ (D^f£^ffil>-C4:^0^2-'^g|J»cO-5^^C3M^Re^]CC 
^^B* ^'i':t>aA'r'So /c<b:ltf»Pii^iEV., = 2 0 
OkeV— 1. 5MeV. K-Xg^= 1 x l 0'''^2 
xiO'' cm-' Artist JclK V,,= l, 5 
Me ViC:bn-^'i>"B* CD^f^fRfMRp 1-3:$^ 2. 4 m m <h 
i^jr^o 0<«V„ = 7 50 KeVmm.X'iS:BMmR 
p =1. 5 iumf^ifitC^^ ^Jr-Yt^aAU. 1 
1 5 0XX3m?SI^Mm^rtiiit<^l\ 

[0 03 3] (b) x^cnu^y :t hvy^'yy ^ ^m^^ 

TT$e©I^a2 X10'*-1X10'' cm-'Op-^-X 
?IiU{3 3?:t£^i3l$2-3 Mmr. 8 MJ-i2;l/0gB53^&c 
iilRI£aJcr€>c C(7)Di¥4ftJfJ-b>'UWC'fe[5lH#tCj£tkO'C 

|£V,,= 50keV— lOOkeV. K-XM<J» = 5 x 
1 0^'-2 X 1 0'* c m 'rif -:>T*>J:CiU, ^WiEftft 

2C)xb':^ + S^+>^Hl^HCC(i0. 6-^1. 5MinO-7 

m^Bf&LXi>J:i^K /c<b^ti3 0 0— 4 0 OninOB^ 
or ;U ^B$f b14:SHmriT^j: :i tf p X«i|8 3 
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H 3 2 co^M^c« 1 0 0 3 5 0 n mo:>mitBf^M^^ 

[0 034] ( c) '^X^fCy 4- h u^^:^ himi>fcm^(0 
h vy^^yy ^i^mcx^). ±iB l O 0-3 5 O n 

^v- 3 2 ^ p -<-;^«Si|S3 3 ^SrHil-T^a^T' 

>^l.i/c<i:;i«CF, iH, coiB^;^/;^. S Fe tO, 
t<Dm/^t!X^ CC 1 4 . S i C U . PC 1 3 

SS^- 5 CC^ 1 5 0''ac?^*PbTX»;.5F->d/-r^ 

[0 03 5] (d) ;^CtCiBI?ttK^t-^'^j:.^:' hx^;;^*^ 

^->^/i*l^*L/d^3 0 nm- 1 0 OnmCO^-YWi 
ibM2 1 ^ll4tc^r<±:5tcUflt^[BicffJ;3c'r^o CO 
f^. /cix^t^J^ (P) ^^^/cDOPOS^^gcBECVD 
(LPCVp)Ji^^cJ:0_lftSU. USJi^^^tcili^>, 

DOPOSr^J:Ci*5. x>^^>X^> h*#t4^iSist>^ 
CCli pMDOPOScr):^;5f^cfcCi. S/c. hl&tA^T 
irfSfcmatW. Mo. T i ^CD]gS4i^.#ll. ^/c«W 
Si, , MoSi, . TiSi, , CoSi, . PtS 

CVDrJ. m(^m.KCVD')ii (LPCVDS) tC^^il 

=^ V Jim 3 3 (D^MtC < W < bM?&^SI 

[0 03 6 ] (e) COSffiSSfbJi^;^-^'^ hx-^^ 
nxf:5?^^'^'Jl/;?SSII3 3^Sfcl:i?i±. ^ * h U 

Lr. '^As* . "p^ m^y -T.m^^r^^'mx^c 

r'^B* ^ K--XS4>=3X 1 0*'-2x 1 0^*cm-^ 

jf^^r-s^o -ecDt^soo-i ooo'cri 5^-3 o^g^^ 

^ ^'t' 0 r -Y ^ >aA^*rSt±f b S -ti 2) „ 
[0 03 7 ] (f ) ^j^tcSlIXtii^liCVDiS^CcJ: 

S i O, ^2 9^:nXf:$f=^^i^i-JU^Se3 2CD« 
EEk:3 0 0--5 0 0 n mcDJ¥5&c?f$;5;T^o 
[0 03 8] (g) :i^cc-:?:t h •Jy^^':^ ^Sffjic<i:f3 

J|S3 3<i:n* V-X^^4 1 i(^>^feilSP^. ^^U. P 
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ffll>/cR I E^='ECRV:i*>x -:.5'tcJ:oTtf^cA(iJ: 

[0 0 3 9] (h) ;XCcn>3?<> h:^->'Ug3?LS|iCc,^ 

:^J^v^. CVD^£^tCj:OA l . A l - S i, A 
1/Ti, A 1 /Mo^©^S«:0. 5-4/zmCD/l$ 

KU^OMSS 2. ^)ly-xmt55 1 A^Jt^fiSS ti*^ 

[0 040] >j:^o\ t(±CDIiie8Cc^dl^-C. ?lill^P* 
;5^^i|S3 74V.. = 2 0 0 k e V-1 . SMeVOffix 

p* •-^-XMilS3 7^^2 60«:v?I^C^i#^. Xiiffi:^^^^ 
A :t >aAOcf* ^ y y - i rj: ^Jis^« p 

* 'BIl|!{COils^)iX^x t*37^t^--tc ctor ^cfcl^o -tt^t^ 
iz>. nxe^ + >-i-;Ui^KS?:j^*T-BL±is6r. [14 tC 

gRCDgP^(-C 1 X 1 0*'^1 X 1 0^' cm-'ggOp* a 
^^7^^m^3 8^1^J&0. ^eOCj^&:ti:nxf^^i^i' 

m3 2:^^^}&m. P* ti2^)iA^piiUc3 S^CK^-r^iiB^ 
CD n X b' :5? ^ ^UlSSH 3 2 CD±gP?&^ 6 :t >aA^ 
^fflC^rp* ffiSft*?f^cCl^ CCDp* Jmil3 7ip* 

[ 0 0 4 1 ] s 5 ts^^fl^cDis 3 (ommommf^ci^.^ u 

30 ffl^^-^t^-y-r*) -5 C i ti*:^HJCD^ 1 ^J: O^m 2 
00) ffl* {1 10) m^:^ i>m< VX{r>%f^f>mrj: 

fm^o)j:K>-:k^^ji {10 0} m<omm^fK<r^ 
ct^fCj:^. ±wtox<D (m^ff^^ji) m^ombik:^^ 

A#<?^<cD. :t>ffiljiC»lfei!8©mi^J:a^^ 2 0^*8 

2<Dmmo:^mmcom^^mm'c^i>o:>xc cx^imm^ 
40 ^BS-r^o 

[0 042] :*:^0^tiMO S F E T^cpg^T. {feCO^^S 

p*rr U^^Mfe^e UCn* t il 6 2 T^J^ffM 3 

3 6CC^cD±^C{SWJB5S5SO;i? 3 0-- 1 5 0 M 
mCDn- ^-:^mmB3f)mm^tl. -ecD±g|5{Cp-<- 
>;M1|S3 3. p* •^-;^tl«3 7 7:^^ff^^5nTl^^c n 
- --c-XMJSe 3CDllffi^^6ilii0 . 6^-0. 8/im. 
3 3 umCOVmm^f&^ti. JSg|5*JctO'mMgP^Cti5 0 
50 --10 0 nmflSOKl*^'-- hK^bJi2 iT&sjfJ^^nr 
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ly^t^h-r^^m^^h^^/- vwm2 2i)^m^ hnx\.^ 

imj&iti. p-<-;^$I^3 Sin* xS ';'^^Ii|i64 
i>o X. p-c^XSil.53 3CD^ffitC^Jp^ :3>^tJ7h«I 

ftj -fe Jb^cJ <fc 4 1^ JfJ-b Jl/CD p - :^ 5 (ile] D T' 10 

4>J:Cio 4ftff5-t2;KDp^-;^$IJ|i^vig<'r^3?)^§5&Hi 

1 GBTCDWE"^S3i§r3;:^ h^:^^bTi?i^Tn«.fcl^ 

2 2 ^C^Hx ^ 7 1 tC*t LXJEMK^BmU 

2«:iEMBE*^En»n^n>5<b. mo s f ETiw]<ipS-<- 
^mm 3(Dvmmm) { 1 0 0 } m^^^ {110} 

:^mm^ 3<Dpnm'^^tmj^^rMrKmt^j:^. n- ^ 
--:;^mMe 3:^^&mmmsi^mcb. mi'^mmim^c 

;h^n- -<->^mm3 3f)Mmm.^m^^'r^fcib. ^ 

xM^6 3(D:^H^^!^:f)m< . m^<om^^Mmjim^ 

2 2^cx5 y^mmi KfCy^ioxnnK^tmr^ct 

E;^)5E[^^ID$n'S^U35cD {10 0} ffi4oJ:c; {110} 

^J|86 4;!?5 60m^cDilSA»±3S^, L3&>L. n" --i^- 40 
xMfc^e 3rtw:jsffi.«iL/rm^j!)^i?SE-r^. n- 
;^Mi|)c6 3i^i^^mbtcyr>-)i^<D:KU^^tp'^'-'Mm 

3 3*3iD. x^ :;t$??Its!c6 4^?ffiA-rS5&^-gB 

(i. n- -<-::^mmB 3^(,cn&'r^m^tm^'^Lx 
um^f)^'r^xrmi^tcmj^.xm'i^m&±i^w^t rj: o . 

[0 044] aertin* ^ tJ16 2>^^??^^^n/c 
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-h^I GBT. FU-f >::J>r5?^ h I G 

BT^fiiiCO I GBT-^. 1 GBTfcli'fOE ST (Em i 
Iter Switched Thristor).M 
CT (MO S Controlled Thyrist 

0 r ) ^oitLoms^y- hM^mw^m^mmx^^c 
[0045] rj:ioiu±o&^m(ommxun ^ ^ 

SUMOSfc<t^'n^i'>^^>'U52 I GBT^On ^i'> 

^jim^mw^m'C^^>xmMutci)K mmm^M(^c b 
^^:^'^m(D&mm(onmx[t. uMos:idj:oM gb 

f*^a. 1?iJ^tf B R T(Base Resistanc 
e Controlled Thyristor).M 
AGT (MOS Assisted GateTrig 
gerde Thyristor).DMT(Depl 
etion Mode-Thyristor).SI1f 
^ 'jX^ (S I TH) *MOSSESIjO/cMC S I TH 
(Mos Controlled SITH),*'Sl^ 
ict^Oi&cOMOSV-f 0:!^^. MOSGTO^tCjafflpJ 
mX^^Ct^^mX^^^. m^^^MAGTkt:7'Uly- 
^Aly^* :i-:/1f • T-YxT-t^-x;:^-/-'- (P r o c. 
" i S P S D ) CD 1 9 9 0 ^com 2 7-7 S^KS$ffltCiB 

t£5n-ci>^cfc^^. m?]feffiK^;iO'-^-:^'^:Mosy- 
t^. :^^^^tmmx^^ctvx'^m^^mm^tii>xh^ 

Mfflr-^. a- s i crv^'7-^40Srv^v;^^tif;S;T 
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